In older populations, caregiving for a spouse with dementia has been associated with a poor antibody response to vaccination. The present study examined whether younger caregivers, specifically the parents of children with developmental disabilities, would also show a diminished antibody response to vaccination. At baseline assessment, 30 parents of children with developmental disabilities and 29 parents of typically developing children completed standard measures of depression, perceived stress, social support, caregiver burden, and child problem behaviours. They also provided a blood sample and were then vaccinated with a pneumococcal polysaccharide vaccine. Further blood samples were taken at 1-and 6-month follow-ups. Caregivers mounted a poorer antibody response to vaccination than control parents at both follow-ups. This effect withstood adjustment for a number of possible confounders and appeared to be, at least in part, mediated by child problem behaviours. The negative impact of caregiving on antibody response to vaccination is not restricted to older spousal caregivers, but is also evident in younger parents caring for children with developmental disabilities. The behavioural characteristics of the care recipients may be a key consideration in whether or not immunity is compromised in this context.
Introduction
Antibody response to vaccination provides a useful model for studying psychosocial influences on in vivo immune function (Burns et al., 2003a; Phillips and Burns, 2008; Vedhara et al., 1999a) . Stress, whether measured as life events exposure, perceived stress, or negative affect has been found to be inversely associated with the antibody response to a variety of medical vaccinations (Burns et al., 2002 (Burns et al., , 2003b Gallagher et al., 2008a; Marsland et al., 2001; Phillips et al., 2005 Phillips et al., , 2006 , implying that those experiencing stress have a reduced capacity to fight viral and bacterial infections. In humans, the effects of chronic stress on immunity have mainly been studied by comparing non-routine caregivers and broadly matched controls (Kiecolt-Glaser et al., 1987 , 1991 Mills et al., 2004; Redwine et al., 2004; Vedhara et al., 1999b; Vitaliano et al., 1998) . There is now reasonable consensus that older spousal caregivers of dementia patients have a relatively poor response to both influenza and pneumococcal vaccinations (Glaser et al., 2000; Kiecolt-Glaser et al., 1996; Vedhara et al., 1999a) . However, younger caregivers have rarely been studied in this context.
The only published vaccination study to target younger caregivers found no differences in antibody response to influenza vaccination between those caring for a spouse with multiple sclerosis and controls (Vedhara et al., 2002) . This raises the issue of whether the poor antibody response observed in older caregivers is, to an extent, a function of an interaction between chronic stress exposure and immuosenescence, and accordingly will be less likely to occur in younger caregivers (Graham et al., 2006; Kiecolt-Glaser et al., 2003) . Indeed, a recent study from our group supports such a notion (Gallagher et al., 2008b) . S-IgA secretion rates were found to be lower in non-routine caregivers relative to controls, but only for the oldest of three distinct age cohorts. Nevertheless, analysis within the caregiving group indicated that for the youngest and the middle-aged cohorts, S-IgA secretion rates varied negatively with caregiving burden and strain.
There is, however, an alternative explanation for the discrepancy in outcomes among the caregiver vaccination studies. Rather than immuosenescence, it is possible that it is the intensity of the chronic stress experienced that determines whether caregiving becomes an issue for immunity (Vedhara et al., 2002) . Dementia is a disease characterized by much more severe cognitive and behavioural disturbances than multiple sclerosis (Gregory and Hodges, 1996; Keegan and Noseworthy, 2002; Neary et al., 1998; Poser et al., 1983) . Accordingly, the precise caregiving experience will vary between those caring for patients with multiple sclerosis and dementia. Indeed, older spousal caregivers of dementia patients have been found to report greater distress than younger multiple sclerosis caregivers (Vedhara et al., 2002) . Further, the re-
